Mechanical ventilation is critical for the survival of patients with acute lung injury (ALI) or acute respiratory distress syndrome (ARDS). A protective ventilator strategy using low tidal volumes (V T ) and limited inspiratory plateau pressure (P Plat ) has been associated with a reduction in mortality. 1 This approach, however, may result in increased recruitment and derecruitment (R/D) and aggravate ventilator-induced lung injury (VILI). 2 It has been demonstrated that varying pulmonary shunt fraction attributed to R/D within the respiratory cycle (cyclic R/D) leads to aortic Pa O 2 oscillations. This mechanism has been described at high temporal resolution using novel fast oxygen-sensing technology. 3 4 The impact of cyclic R/D and consequent Pa O 2 oscillations on vital organs such as the heart, kidney, and brain is unknown. Alterations in oxygen supply to the brain could affect neuronal tissue integrity. This hypothesis is consistent with the observation that the majority of patients with ALI/ ARDS develop neuronal dysfunction associated with morphological brain damage. 5 6 Furthermore, evidence from sleep apnoea research suggests that cyclic alterations in oxygenation can promote neuronal dysfunction. 7 -9 However, the influence of cyclic R/D-associated Pa O 2 oscillations on cerebral microcirculation has not been investigated.
In the present study, we investigated the following hypotheses: (i) cyclic R/D induces respiratory-dependent oscillations of the following parameters: arterial partial pressure of oxygen (Pa O 2 ), peripheral haemoglobin oxygen saturation (Sp O 2 ), cerebral subcortical partial pressure of oxygen (Pbr O 2 ), cerebral cortical haemoglobin oxygen saturation (Sbr O 2 ), and cerebral cortical blood flow (CBF) at the capillaryvenous level; (ii) altered fractions of inspired oxygen affect the amplitude of these oscillations; and (iii) variations in systolic arterial pressure (SAP) influence cerebral oscillations.
Methods
After approval by the governmental animal care committee (Rhineland-Palatinate, Germany, approval number 23177-07 / G09-1-037), 12 juvenile pigs (German country race, weight 25-27 kg) were investigated. These studies conformed to ARRIVE guidelines. A craniotomy (20×10 mm) was performed 5 mm from the midline and 5 mm behind the coronal suture for positioning of the cerebral subcortical PO 2 probe (Pbr O 2 ) and the combined cerebral cortical haemoglobin oxygen saturation (Sbr O 2 ) and CBF monitoring probe. Because the dura was opened for positioning of the probes, intracerebral pressure was not measured. The head was wrapped in plastic foil to fixate the experimental setting. The time to prepare the experiments took about 4-6 h including craniotomy and positioning of probes. Postmortem the brain was removed, correct positioning of the probes was verified, and the surrounding tissue was examined for cerebral haemorrhage. A Rapidlab 248 device (Bayer Healthcare, Leverkusen, Germany) was used for arterial blood gas analysis (BGA). Temperature was measured by a pericranial temperature probe (Temp) placed in the temporal muscle. Body surface warming was performed by a heating blanket system. Cardiac index was assessed by single-indicator transpulmonary thermodilution using the PICCO system. 
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Results
The experimental set-up was successful in all animals. The applied respiratory mechanics, haemodynamic variables, and blood gas analyses are summarized in Table 1 .
Baseline conditions
During baseline, measurements of systemic (Pa O 2 ), peripheral (Sp O 2 ), and cerebral (Pbr O 2 , Sbr O 2 ) oxygenation remained constant as indicated by small amplitudes (D) ( Table 2) . Likewise, physiological SAP variation and CBF oscillations remained within normal limits ( Table 2 ). All measured variables remained stable over time and were not influenced by the RR as illustrated in representative Figure 1 . Fig. 3 ) and SAP oscillations remained unchanged (P¼0.6235). Contrariwise, the mean Sp O 2 oscillations increased from 1.9 (1.7)% to 6.8 (3.9)% and the mean Sbr O 2 oscillations tended to increase from 4.1 (1.5)% to 8.5 (6.6)% at FI O 2 0.3 (P¼0.0524, Fig. 3 ). The phase shifts between Table 1 Haemodynamics, respiratory mechanics, and gas exchange during baseline and cyclic recruitment and derecruitment (cyclic R/D) at FI O 2 1.0 and 0.3. Data are presented as mean (SD). Comparisons between baseline and cyclic R/D were performed by the Mann -Whitney test. CI, cardiac index; cyclic R/D, recruitment and derecruitment; ELWI, extravascular lung water index; FI O 2 , fraction of inspired oxygen; Hb, haemoglobin; HR, heart rate; I:E, inspiratory to expiratory ratio; MAP, mean arterial pressure; NS, non-significant; Pa CO2 , arterial carbon dioxide partial pressure; Pa O2 , arterial oxygen partial pressure; P Peak , peak airway pressure; P Plat , plateau airway pressure; PEEP, positive end-expiratory pressure; RR, respiratory rate; Sp O2 , peripheral haemoglobin oxygen saturation; Temp, pericranial temperature; V E , minute ventilation; V T , tidal volume cerebral measurement parameters, as referenced to phase reference Pa O 2 , are displayed in Figure 4 . Linear models revealed that Pa O 2 oscillations and SAP variations showed dependency on cerebral measurement parameters (Table 3) .
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Discussion
The 
SAP and Pa O 2 oscillations after lung injury
Spontaneous breathing or mechanical ventilation induce oscillations of arterial pressure that predominantly are generated by respiratory-dependent changes of pleural pressure and ventricular loading. 17 In the present study, this phenomenon provoked physiological SAP variations at baseline that significantly increased during cyclic R/D. In contrast to SAP variations that are caused by pleural pressure changes, Pa O 2 oscillations are generated by varying alveolar shunt fractions during cyclic R/D. A recent study yielded similar Pa O 2 oscillations amplitudes to ours in lung-lavaged pigs, 4 whereas former studies in rabbits showed higher amplitudes of 52 (5.2) 3 and 38 (17) kPa. 18 These differences in amplitudes might be explained by the fact that Pa O 2 amplitudes depend on the amount of cyclic R/D due to species differences in thoracic compliance and alveolar gas filling characteristics. 3 of altered oxygen levels, intermittent cerebral hypoxia. Recent studies investigating chronic obstructive pulmonary disease and sleep apnoea syndrome and high-altitude research suggest that cyclically altered arterial oxygenation might have detrimental effects on brain integrity. 8 31 The underlying mechanism for these entities is attributable to an increase in reactive oxygen species with associated tissue damage, leading to apoptotic neuronal death. 32 In contrast, intermittent cerebral hypoxia has been shown to be protective in some experimental settings. 33 The effect of intermittent hyperoxia on the brain remains unknown. However, current knowledge is limited, and no conclusions can be made about effects of cyclic R/D on organs.
Limitations
The present study has a number of limitations. Experimental lavage models simulate surfactant depletion and associated impairment of oxygenation, diffusion, and perfusion of the lung. 34 Using this model, alveolar surface tension increases and significant atelectasis is produced. This leads to cyclic R/D during injurious mechanical ventilation. However, the model applied in the present experimental study was rather extreme, and is not transferrable to clinical conditions. It remains unknown if cyclic R/D results in alterations in Pa CO 2 . In theory, Pa CO 2 oscillations caused by cyclic R/D should be small in amplitude. However, cerebral CO 2 reactivity effects occur in a range of seconds to minutes and therefore might have biased the present results. 35 -37 Another problem of the present study is that cyclic R/D was not determined using more sophisticated techniques such as multiple inert gas elimination technique. Although results could be confirmed by repetitive measurements, it cannot be excluded that higher FI 
